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Objective. To evaluate the diagnostic accuracy of cone beam computed tomography (CBCT) sections with various
reconstruction thicknesses for detecting misfit between tooth and restoration in metal-restored teeth.
Study Design. Eighty teeth (perfect fit, 40 of these used with 0.2 mm gap, and 40 with 0.4 mm gap), were imaged with large
FOV i-CAT. Images were reconstructed in five thicknesses: 0.2 (voxel size), 1, 2, 5, and 10 mm. Four examiners assessed the
presence of gaps using a 5-point scale. Area under the receiver operating characteristics curve (aucROC) for misfit detection
was calculated for each variable. A multivariate logistic regression was performed by using misfit detection accuracy as the
dependent variable.
Results. The score “cannot decide” decreased when the reconstruction thickness was increased. Mean aucROC ranged
between 0.60 and 0.72. Logistic regression showed that the presence of a gap and reconstruction thickness had an impact on
diagnostic accuracy.
Conclusions. Diagnostic accuracy of CBCT sections was low for detecting misfit in metal-restored teeth. (Oral Surg Oral Med
Oral Pathol Oral Radiol 2015;120:e131-e137)The development of cone beam computed tomography
(CBCT) has signiﬁcantly increased referrals for three-
dimensional examination in dentistry.1,2 At the same
time, it is important to optimize the use of the acquired
volumetric data, which should undergo a thorough
radiologic analysis, aiming to keep up with the “as low
as reasonably achievable” principle.3,4 Therefore, some
diagnostic tasks that traditionally have not required
tomographic examination must also be assessed.
As an example, although there is no direct indication,
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http://dx.doi.org/10.1016/j.oooo.2015.05.004the use of CBCT images and found equivalent diag-
nostic performance compared with conventional and
digital radiography.5-8 However, these studies evalu-
ated teeth without metal restorations, which may have
contributed to the high sensitivity of the CBCT-based
diagnoses reported. Consistent assessments for root
ﬁlling quality and crown ﬁtting are also important for
maintaining the tooth and surrounding tissues (misﬁts
may lead to periodontal disease or recurrent caries).9-11
Nevertheless, when metal restorations are present,
metal artifacts may reduce image quality and compro-
mise the diagnostic accuracy of CBCT examinations.12
In an attempt to reduce the appearance of artifacts in
CBCT images, some strategies have been developed,
most of them involving postprocessing of acquired data
such as the use of smoothening ﬁlters or changing the
reconstruction thickness of the images.13 This would
reduce metal artifacts and allow for higher diagnostic
accuracy for such delicate tasks.Statement of Clinical Relevance
Changing reconstruction thickness may decrease
metal artifacts seen in cone beam computed to-
mography (CBCT) images and thus increase exam-
iner validity in establishing a diagnosis. However,
this procedure did not increase accuracy for the
detection of restoration misﬁts; the accuracy was, in
general, low, suggesting that radiologists should not
report on misﬁts when evaluating CBCT images.
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nostic accuracy of postprocessed CBCT sections with
various reconstruction thicknesses for detecting misﬁt
between tooth and restoration in metal-restored teeth.Fig. 1. Reconstruction thickness (RT) image of a tooth from
the crown group and a tooth from the mesio-occluso-distal
inlay (MOD) group showing ﬁt restorations.MATERIAL AND METHODS
Preparation of teeth and restorations
This study was approved by the Ethics Committee (n.
225.034). Extracted sound human teethd6 molars, and
86 premolarsdwere selected. Forty premolars (test
teeth) were arbitrarily selected (by picking from a box)
and prepared to receive a mesio-occluso-distal inlay
(MOD group) and 40 premolars (test teeth) to receive a
complete crown (crown group). The remaining teeth
(non-test teeth), six pairs, each consisting of a premolar
and a molar, were used to secure proximal contacts
during image acquisition.
A 1.4-mm diameter tapered ﬂat end burr (KG Sor-
ensen, Baurueri, Brazil) was used to prepare the teeth.
The gingival ﬂoor of the inlays was located 1.5 mm
coronal to the cementoenamel junction, and the crown
margins were located at the cementoenamel junction.
The model adopted in the present study used the same
tooth to test the “sound” (no misﬁt) and “diseased”
(misﬁt) situation.14 Thus, two metal alloy (V-Fit Cast
Ni-Cr; Talmax) restorations were made for each tooth
in both the MOD group and the crown group. Two wax
patterns were made for each tooth, one with the resto-
ration perfectly adapted to the preparation margins and
the second with a gap of either 0.2 mm or 0.4 mm (20
teeth with each gap size). The wax was vacuum
invested, and the inlay or crown was cast. The proximal
extent of the gaps was evaluated with a digital caliper
(Cen-Tech, Camarillo, CA) under 10 magniﬁcation
(MU-M19, D.F. Vasconcellos, Rio de Janeiro, Brazil).
The restorations were not cemented but smoothly
placed in position.CBCT of teeth with restorations
Each test tooth and one of the six pairs of non-test teeth
were placed in plastic blocks with a type III gypsum
(Herodent; Vigodent) and sawdust mixture to simulate
alveolar bone and to position the teeth during all
tomographic examinations. The tooth blocks were
positioned on the platform of a CBCT unit (i-CAT Next
Generation, Imaging Science International, Inc., Hat-
ﬁeld, PA), six at a time, in a standardized and equi-
distant from each other, and scanned using a 16  13
cm ﬁeld of view (FOV), and a 0.2 mm voxel resolution
(120 kVp, 37.07 mA, 26.9 s).
Data were exported in the DICOM format, and
dedicated software (OnDemand 3 D 1.0.7.0295;
Cybermed, Seoul, South Korea) was used for image
reconstruction. The contrast of the images was adjustedfor the center level (L ¼ 667) and band width (W ¼
3086). The test tooth was aligned (its long axis was
positioned perpendicular to the axial plane), and ﬁve
two-dimensional images with varying thicknessesd0.2
(voxel size), 1.0, 2.0, 5.0, and 10.0 mmdwere gener-
ated, and saved in bitmap (bmp) format (resolution 96
dpi). The images showed the midcoronal section of the
teeth, resembling a periapical radiograph (Figure 1).
Figure 2 shows zoomed images from teeth with ﬁt or
misﬁt restorations in the various reconstruction
thicknesses evaluated.
Images were assessed on a 22-inch ﬂat panel
monitor, 1920  1080 screen resolution (Lenovo
L2250 pwD, Morrisville, PA; and AOC, Taipei,
Taiwan), in a room with subdued light. Dedicated
software (UniscoreL, by Erik Gotfredsen, Aarhus Uni-
versity, Denmark) was used to display the images in
full size, 1:1 on the monitor, in a blinded and computer-
randomized sequence. The use of traditional image
adjustment tools (zoom, gamma curve, brightness, and
contrast) was not allowed.
Four examiners (two third-year PhD students in
oral radiology e Ex1 and Ex2; one PhD in oral radi-
ology e Ex3; and one ﬁrst-year PhD student in oral
Fig. 2. Reconstruction thickness (RT) image of teeth, according to group, showing ﬁt and misﬁt restorations. For each restoration
group, the ﬁrst two columns show a pair ﬁt þ 0.2-mm gap, and the last two columns show a pair ﬁt þ 0.4-mm gap.
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assessment of the images for the presence of marginal
gaps was based on a 5-point scale (score 1 ¼ I am sure
there is no misﬁt, score 2 ¼ I am almost sure there is no
misﬁt, score 3 ¼ I cannot decide, score 4 ¼ I am almost
sure there is a misﬁt, and score 5 ¼ I am sure there is a
misﬁt). In order to analyze the examiners’ reproduc-
ibility, 10% of the sample was reassessed.Data analysis
Statistical analysis was performed using software
packages SPSS (version 13.0, SPSS, Chicago, IL) and
Microsoft Ofﬁce Excel (Microsoft, Redmond, WA).
The level of statistical signiﬁcance was set at .05.
The area under the aucROC with the respective 95%
conﬁdence interval (CI) for each reconstruction thick-
ness and restoration group was calculated for each
examiner.
For intraexaminer and interexaminer reproducibility
and the logistic regression analysis, a recategorized
dichotomous scale was used, in which the scores 1 and
2 were pooled as a new score 0, scores 4 and 5 were
pooled as a new score 1, and score 3 remained un-
changed representing uncertainty. Kappa index was
used to analyze intraexaminer and interexaminer
reproducibility.
For the binary and multivariate logistic regression
analyses, “mean examiner” accuracy was deﬁned and
used. The “mean examiner” score was calculated on the
basis of the most prevalent score among the four ex-
aminers [(score Ex1) e (score Ex2) e (score Ex3) e
(score Ex4)]. A tie among examiners’ scores was
observed in 89 situations. Ties involving the scores
0 and 3 (0 e 0 e 3 e 3), or 1 and 3 (1 e 1 e 3 e 3)were assigned the scores 0 and 1, respectively. Ties
involving the scores 0 and 1 (0 e 0 e 1 e 1), 75 cases,
had the incorrect (false) score computed, whether it was
a false positive or a false negative. The 15 images that
had “I cannot decide” as the “mean examiner” score
were recategorized as missing values and were not
included in the regression analyses.
The binary logistic regression evaluated whether
restoration type, gap size, and reconstruction thickness
had an impact on the overall diagnostic accuracy, and
those with an outcome (P  .2) were included in the
multivariate model. Multivariate logistic regression
analysis was then performed with the “mean examiner”
accuracy (correct diagnosis) as the dependent variable
and the variables with an initial signiﬁcant outcome
(P  .2) as the independent variables.RESULTS
Each examiner evaluated 800 images. The distribution
of examiners’ answers among the ﬁve scores is shown
in Table I. The frequency of score 1 showed the higher
change among the evaluated reconstructions
thicknesses (they increased together). Score 3 (“I
cannot decide”) was given in 6.2% of the whole
sample, and it decreased with the increase of
reconstruction thickness (from 12.19% to 1.25%).
Table II shows mean (0.60-0.72), range (0.53-0.74)
and 95% CI of the aucROC, according to
reconstruction thickness and group. Lower aucROC
values were seen with increasing image reconstruction
thickness. Moreover, the analysis of the 95% CI
suggests a weak performance of the tomographic
images to discriminate between ﬁt and misﬁt
restorations (the lower bound of the curves is below
Table I. Mean frequency (%) of score answers among the four examiners for each reconstruction thickness (RT) and
restoration group
Answer
RT 0.2 mm RT 1.0 mm RT 2.0 mm RT 5.0 mm RT 10.0 mm
Crown MOD Crown MOD Crown MOD Crown MOD Crown MOD
1 23.13 19.06 21.25 19.06 26.88 25.00 30.31 45.31 59.38 53.44
2 30.63 27.19 37.19 26.25 32.50 27.50 32.81 34.38 16.56 24.38
3 12.19 7.50 8.44 7.50 8.13 8.75 3.13 3.44 1.88 1.25
4 24.38 27.81 21.56 28.13 22.19 25.00 26.25 13.75 14.69 15.31
5 9.69 18.44 11.56 19.06 10.31 13.75 7.50 3.13 7.50 5.94
1 ¼ I am sure there is no misﬁt.
2 ¼ I am almost sure there is no misﬁt.
3 ¼ I cannot decide.
4 ¼ I am almost sure there is a misﬁt.
5 ¼ I am sure there is a misﬁt.
MOD, mesio-occluso-distal inlay.
Table II. Area under the receiver operating characteristics curve (aucROC) and 95% conﬁdence interval (CI) for each
of the reconstruction thickness (RT) and restoration groups (mean and range among the four examiners shown)
RT (mm)
Crown MOD
aucROC 95% CI aucROC 95% CI
Mean Range Lower bound Upper bound Mean Range Lower bound Upper bound
0.2 0.64 0.62-0.69 0.50 0.80 0.71 0.69-0.73 0.57 0.84
1.0 0.65 0.62-0.68 0.50 0.80 0.72 0.68-0.74 0.56 0.86
2.0 0.62 0.53-0.67 0.40 0.79 0.71 0.69-0.73 0.57 0.84
5.0 0.63 0.57-0.70 0.44 0.82 0.64 0.60-0.69 0.48 0.81
10.0 0.60 0.54-0.69 0.41 0.80 0.62 0.59-0.69 0.46 0.80
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The values found for the two restoration groups were
similar, suggesting no difference in evaluating MOD
inlays or crowns.
Intraobserver and interobserver reproducibility
showed a wide range of agreement, independent of the
reconstruction thickness evaluated (Table III).
All variables were included in the multivariate lo-
gistic model (Table IV). The results should be
interpreted in such a way that the lower the odds
ratio, the lower is the accuracy (i.e., a smaller chance
for a correct diagnosis). The signiﬁcant factors with
impact on diagnostic accuracy were the existence of a
gap (the chances of correctly diagnosing a ﬁt
restoration were higher than for diagnosing a
restoration with a gap of any size), and the
reconstruction thickness (increasing the reconstruction
thickness decreased the accuracy of the diagnosis).
Reconstruction thicknesses of 5 (P ¼ .022) and 10
mm (P ¼ .007) showed signiﬁcantly lower accuracy
within the ﬁve image thicknesses, and the voxel size
image (0.2 mm) obtained the most accurate diagnosis.
DISCUSSION
Whenever a radiographic examination is needed, it is
important to ensure that the beneﬁts to the patient are
balanced against the risks of his or her exposure toionizing radiation. In case of a tomographic evaluation,
in which the radiation dose is much higher than for
traditional two-dimensional imaging methods, this
principle must be followed (especially when large
FOVs are used). Consequently, the CBCT should be
optimized to provide images suitable for all diagnostic
tasks the patient may need, keeping in mind the rec-
ommended principles for justiﬁcation and optimiza-
tion.4 Therefore, this study employed a large FOV, and
the standard resolution for the CBCT unit was used,
simulating a patient with a requirement for scanning
both arches.
The use of radiographic images to assess restored
proximal surfaces seems to have consensus in the
literature.9,15 One study dealing with CBCT diagnosis
of mechanically created “secondary caries” lesions
found a higher diagnostic accuracy when using CBCT
imaging rather than bitewing radiography.16 However,
these authors had evaluated defects that were 1.4 mm
in diameter, which were much larger than those of the
present study (0.2 and 0.4 mm); use of the wider
diameter most probably increased the sensitivity of
the examination. A recent study reported high
sensitivity, speciﬁcity, and accuracy (0.83, 0.92, and
0.86, respectively) when digital radiographs were
used for detecting restoration (crown and MOD
ﬁlling) misﬁt.17 In the present study, the aucROC
Table III. Intraexaminer and interexaminer reproduc-
ibility (kappa range) for each restoration group and
reconstruction thickness (RT)
Reproducibility RT (mm)
Restoration group
Crown MOD
Intraexaminer 0.2 0.27-1.00 0.06-1.00
1.0 0.18-0.71 0.14-0.78
2.0 0.42-0.60 0.02-1.00
5.0 0.11-0.77 0.07-0.39
10.0 0.60-1.00 0.00-1.00
Interexaminer 0.2 0.02-0.71 0.06-0.53
1.0 0.20-0.54 0.15-0.47
2.0 0.02-1.00 0.20-1.00
5.0 0.02-0.39 0.00-0.62
10.0 0.14-1.00 0.14-0.71
MOD, mesio-occluso-distal inlay.
Table IV. Multivariate logistic regression analysis of
factors with impact on the chance for a correct diag-
nosis, “mean examiner” accuracy as the dependent
variable
P value Odds ratio 95% conﬁdence interval
Restoration (MOD)
Crown .074 0.738 0.529-1.030
Gap size (0 mm)
0.2 mm < .001 0.057 0.036-0.088
0.4 mm < .001 0.487 0.334-0.712
RT (mm) (0.2)
1.0 .285 0.744 0.432-1.280
2.0 .071 0.607 0.353-1.043
5.0 .022 0.534 0.312-0.912
10.0 .007 0.481 0.282-0.821
P value, odds ratio, and 95% conﬁdence interval for the independent
variables: restoration type, gap size, and reconstruction thickness (RT)
(the group in parentheses is the reference group).
MOD, mesio-occluso-distal inlay; RT ¼ reconstruction thickness.
Fig. 3. Example of digital dental radiographs and 10-mm
reconstructed tomographic images of teeth in the crown and
mesio-occluso-distal inlay (MOD) groups with 0.4-mm misﬁt
restorations.
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indicating a weak validity in diagnosing a misﬁt. The
results of the multivariate logistic regression support
the lower accuracy of CBCT images in diagnosing a
misﬁt, since the chances of correctly diagnosing a ﬁt
restoration were higher than for a restoration with a
gap of any size.
Other studies addressed the issue of dealing with
metal materials when performing different diagnostic
tasks with CBCT.18,19 Metal materials can cause beam
hardening, scatter effects, and photon starvation, which
affect how the detector receives the signal after the
exposure.20,21 The photons of the x-ray beam exhibit a
certain spectrum of energy, and photons with low en-
ergy are absorbed, especially by metal structures,
whereas the high-energy ones are not attenuated,
resulting in beam hardening artifacts.20,22 Scattered
photons cause the x-ray photons to change direction
and end up in a different part of the detector, increasing
its signal, which results in dark streaks.23 In the case of
photon starvation, no photons are detected, which
results in dark streaks, since zero must be replaced by
a non-zero number of photons.20
Some attempts to reduce this inconvenience have
been proposed, such as using higher kVp and/or mA,
ﬁltering algorithms, or changing the reconstruction
thickness of the sections.13,20,22 The present study
focused on the reconstruction thickness variation, since
this procedure does not involve re-exposure of the pa-
tient and can be performed by most dedicated CBCT
reconstruction software, not requiring speciﬁc post-
processing tools. In order to speciﬁcally evaluate the
impact of increasing the reconstruction thickness on the
diagnosis of misﬁt, only two-dimensional images were
evaluated instead of the whole CBCT volume. This was
done to omit situations that would hardly be encoun-
tered in the clinic, such as the evaluation of a CBCT
volume using 10-mm-thick sections. Thus, thicknessesranging from the voxel size to the thickness of the
dental crown, simulating the image as seen in an
intraoral radiograph, were deﬁned. The results showed
that increasing the reconstruction thickness decreased
the examiner’s uncertainty in establishing a diagnosis
(reducing the “I cannot decide” score). One could
speculate that this probably happened because of the
decrease in the amount of artifacts seen in the image. As
thicker sections appeared subjectively smoother, ex-
aminers’ conﬁdence in making the assessment was
augmented. However, the decrease in examiners’ un-
certainty did not lead to higher validity, since it was
associated with a decrease in aucROC values.
The distribution of answers among the 5-point scale
showed that scores 1 and 2 (absence of misﬁt) were
always more frequent than scores 4 and 5 (presence of
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metal materials create streaking artifacts, which may
mimic or hide adjacent defects, the examiner may give a
negative diagnosis for misﬁt on seeing a hypodense line
adjacent to metal. This would avoid false-positive re-
sults but would give rise to more false-negative scores.
Another hypothesis to explain the observed results lies
in the spatial resolution, expressed by the number of line
pairs (lp/mm) present in an image. In the case of
intraoral radiographic images, the number of measured
line pairs lies between 5 and 20 for most systems,24,25
whereas for CBCT devices, the nominal spatial resolu-
tion may be up to 3 lp/mm.26 Moreover, in
reconstructing a CBCT image, the process of adding
multiple scan acquisitions considers the mean value of
each section, and therefore may mask hypodense areas
when superimposing hyperdense ones. Figure 3
illustrates the difference between digital dental
radiographs and thick CBCT sections when showing a
metallic crown and an MOD restoration with a 0.4
mm misﬁt. Although it helps minimize the effect of
streaking artifacts, it causes blurring in the image,
which could mask the presence of the gap and lead
the examiner to give a negative diagnosis. Thus, a 10-
mm CBCT reconstruction may look like an intraoral
radiograph, which is a projection the examiner is more
used to working with and has more experience with.
However, the process of acquisition and processing of
tomographic images does not allow a reliable repre-
sentation of the actual condition of the relationship be-
tween the tooth surface and the metal material.
This study showed that CBCT reconstructions were
not accurate and could lead to erroneous clinical de-
cisions when diagnosing misﬁt near a metal restoration.
The presence of artifacts could lead to false-positive
(where the artifact mimics a defect) or false-negative
(where the artifact masks the defect) diagnoses.
Considering the diagnostic task discussed in the present
study, a tooth erroneously diagnosed with a misﬁt could
be overtreated (removal of a ﬁt restoration and place-
ment of a new one). A failure to diagnose a misﬁt could
lead to disease progression (e.g., periodontal disease or
recurrent caries). Therefore, the results from the present
study demonstrate that professionals should not rely on
reconstructed images from CBCT for diagnosis adja-
cent to metal materials and suggest that conventional
radiography should be used, even if the patient already
has undergone CBCT.
The present study was based on an in vitro model, so
the extent of the gaps could be controlled, and the
source of artifacts was restricted to the material present
in the ﬁeld and not inﬂuenced by external factors such
as patient motion.27 Moreover, the principles of
justiﬁcation and optimization, which motivated the
present study, were kept in mind and only the largeFOV available on the CBCT unit was tested. Also, to
ﬁt and to justify the use of this large FOV, six tooth
blocks were imaged at a time. Nevertheless, the use
of smaller FOVs and the acquisition protocols with
higher resolution could reduce the appearance of
artifacts in CBCT images and favor the diagnosis of
misﬁt near to metal materials.
CONCLUSIONS
Diagnostic accuracy of postprocessed CBCT sections
for detecting a misﬁt between tooth and restoration in
metal-restored teeth was lower than that previously
reported for digital radiographs. This diagnostic task
should not be included when reporting on CBCT ex-
aminations. CBCT reconstruction thicknesses of 5 and
10 mm signiﬁcantly decreased diagnostic accuracy.
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